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Evolution of a Hydrophobic Core Leads to Fluorescence in Canonical
Bacteriophytochromes
Shyamosree Bhattacharya, Michele E. Auldridge, Katrina T. Forest.
Bacteriology, UW MADISON, Madison, WI, USA.
Use of fluorescent proteins to study in vivo processes in mammalian systems
begs development of near-infrared (NIR) biomarkers due to superior penetra-
tion of the excitation light at longer wavelengths. Bacteriophytochromes
(BphPs) that use biliverdin as their chromophore have been engineered to
form monomeric NIR biomarkers. Absorption of a red light photon (l=700
nm) leads to isomerization of the C15=C16 bond of BV in the Pr ground state,
leading to the second ground state, the far red-light absorbing Pfr. The arche-
typal NIR phytofluor carried a D207H substitution. The 207 position is impor-
tant because the main chain carbonyl forms a hydrogen bond with the BV A
ring, thus potentially functioning as a proton sink during the photocycle.
This variant spurred development of NIR biomarker BPhPs IFP1.4, Wi-Phy,
and iRFP. We have solved the structure of IFP1.4 and observe a tightly packed
hydrophobic core in the BV binding pocket in contrast to the open pocket in
native BphP. Side chains of V173, M174, and V288 form this stabilizing inter-
action, which is absent in the wild type counterpart because residue 288 is an
alanine. We have further disproven the hypothesis that H207 is required for
fluorescence, by engineering IFP1.4 D207 and demonstrating it is brighter
than any NIR phytofluor described to date. Our research has helped delineate
the origin of fluorescence in BphPs and will help phytofluors gain wide spread
use as their brightness and resistance to photobleaching are augmented.
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Detecting the phonon dispersion relations in proteins is essential for un-
derstanding the intra-protein dynamical behavior. Such study has been attemp-
ted by X-ray in recent years [1,2]. However, for such detections, neutrons have
significant advantages in resolution and time-efficiency compare to X-rays.
Traditionally the collective motions of atoms in protein molecules are hard
to detect using neutrons, because of high incoherent scattering background
from intrinsic hydrogen atoms in the protein molecules. The recent availability
of a fully deuterated green fluorescent protein (GFP) synthesized by the
Bio-Deuteration Lab at ORNL opens new possibilities to probe collective
excitations in proteins using inelastic neutron scattering [3]. Using a direct
time-of-flight Fermi chopper neutron spectrometer, we obtained a full map of
the milli-eV phonon-like excitations in the fully deuterated protein. The Q
range of the observed excitations corresponds to the length scale of about 2.5
to 3 A˚, which is close to the length scales of the secondary structures of proteins
(4-5 A˚) and reflects the collective intra-protein motions. Our results show that
hydration of GFP seems to harden, not soften, the collective motions, which is
counterintuitive, but in agreement with the observations by previous neutron
scattering experiments [4].
[1] D. Liu, X.-Q. Chu, M. Lagi, Y. Zhang, E. Fratini, P. Baglioni, A. Alatas, A.
Said, E. Alp, and S.-H. Chen, Phys. Rev. Lett. 101, 135501 (2008).
[2] M. Li, X.-Q. Chu, E. Fratini, P. Baglioni, A. Alatas, E. Alp, and S.-H. Chen,
Soft Matter 7, 9848-9853 (2011).
[3] X.-Q. Chu, U. Shrestha, H. O’Neill, Q. Zhang, A. I. Kolesnikov, and E.
Mamontov, "Mapping meV excitations in a fully deuterated green fluorescent
protein by time-of-flight neutron scattering", to be submitted.
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Analytical ultracentrifugation (AUC) offers substantial advantages for studying
protein complex formation, providing information on size, shape and binding
energies for reversible systems from analysis of the sedimentation profiles ofmolecular mixtures in free solution. By virtue of the hydrodynamic resolution
achieved in sedimentation velocity experiments, multiple co-existing com-
plexes can be identified, even in the presence of impurities and aggregates,
but until recently the limited sensitivity of AUC has prevented accurate anal-
ysis of high affinity interactions. A recently introduced fluorescence optical
detection system (FDS) for AUC offers specific advantages for studying
high-affinity protein interactions due to the high sensitivity of fluorescence,
but the unique characteristics of the optical system in this instrument require
new analytical tools. We have developed computational approaches for anal-
ysis of FDS data that provide excellent fits to the observed sedimentation
boundaries, correcting for effects intrinsic to the use of confocal laser optics.
With these tools we have explored the detection limit of FDS, and have now
recorded sedimentation signals with hydrodynamic resolution at low picomolar
concentrations. This allows us to analyze sedimentation isotherms for interact-
ing systems with Kds in the pM to nM range. Using different systems with
high-affinity interaction we will demonstrate how the FDS-AUC system can
be reliably applied to study high-affinity protein self- and hetero-associations
at orders of magnitude lower concentrations and with much higher accuracy
than previously possible.
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Chemistry and Chemical Biology, Indiana University-Purdue University
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Protein footprinting coupled with mass spectrometry has emerged in recent
years as a valuable tool to study protein structure. Several footprinting tech-
niques such as hydrogen deuterium exchange and oxidative labeling, have
been successfully used to study many different protein systems. To date, these
footprinting methods have been performed on relatively pure proteins in vitro.
We have developed an in vivo oxidative labeling method to analyze proteins in
their native environment. Oxidative labeling is advantageous for in vivo label-
ing owing to its irreversible nature. This allows for purification of the proteins
of interest from the cell membrane. In vivo protein footprinting would be espe-
cially useful for membrane proteins and reduce the need for model membranes.
Here we describe the development of in vivo oxidative labeling and its
application to study ligand binding and conformational change of a model
protein system.
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Covariance Analysis (CHESCA)
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Prior to self-association into toxic soluble oligomers, amyloidogenic peptides
are often unstructured or only partially structured and they are best described
by an heterogeneous conformational ensemble, in which multiple discrete
structures are populated. Despite the complexity in the ensemble of conforma-
tions accessible to amyloidogenic peptides, it has been suggested that a key
determinant of the propensity to aggregate is the transient access to a subset
of functional conformations, i.e. conformers that are either aggregation
competent or are incompetent but compete with aggregation competent states.
However, due to the conformational ‘noise’ generated by the highly degenerate
free-energy landscape typical of amyloidogenic peptides, the identification of
minor populations of functional conformers relevant for aggregation remains
experimentally challenging. Here, we propose a method to identify which res-
idues within amyloidogenic peptides are involved in functional states based on
the covariance analysis of NMR chemical shifts (CHESCA) [1]. CHESCA
relies on linear correlations between residue-specific chemical shifts measured
for the peptide system of interest subject to a set of perturbations that modulate
a given functional property, e.g. the aggregation propensity in the case of
amyloidogenic peptides. Such linear chemical shift correlations are useful to
identify the residues involved in transient and minimally populated partially
folded conformers. In addition, a distinct advantage of the chemical shift
covariance method is that the relative order in which the perturbed states appear
in the inter-residue correlations defines the functional relevance of the partially
folded conformers. This general approach will be illustrated through its appli-
cation to the Ab peptide, which self-associates into insoluble b-sheet structured
aggregates linked to Alzheimer’s disease.
1) Selvaratnam R, Chowdhury S, VanSchouwen B, Melacini G. Proc Natl Acad
Sci U S A. 2011;108(15):6133.
